Background and Aims: Triggering receptor expressed on myeloid cells-1 [TREM-1] is known to amplify inflammation in several diseases. Autophagy and endoplasmic reticulum [ER] stress, which activate the unfolded protein response [UPR], are closely linked and defects in these pathways contribute to the pathogenesis of inflammatory bowel disease [IBD]. Both autophagy and UPR are deeply involved in host-microbiota interactions for the clearance of intracellular pathogens, thus contributing to dysbiosis. We investigated whether inhibition of TREM-1 would prevent aberrant inflammation by modulating autophagy and ER stress and preventing dysbiosis. Methods: An experimental mouse model of colitis was established by dextran sulphate sodium treatment. TREM-1 was inhibited, either pharmacologically by LR12 peptide or genetically with Trem-1 knock-out [KO] mice. Colon tissues and faecal pellets of control and colitic mice were used. Levels of macroautophagy, chaperone-mediated autophagy [CMA], and UPR proteins were evaluated by western blotting. The composition of the intestinal microbiota was assessed by MiSeq sequencing in both LR12-treated and KO animals. Results: We confirmed that inhibition of TREM-1 attenuates the severity of colitis clinically, endoscopically and histologically. We observed an increase in macroautophagy [ATG1/ULK-1, ATG13, ATG5, ATG16L1, and MAP1LC3-I/II] and in CMA [HSPA8 and HSP90AA1], whereas there was a decrease in the UPR [PERK, protein expression levels in TREM-1 inhibited colitic mice. TREM-1 inhibition prevented dysbiosis.
Introduction
Inflammatory bowel disease [IBD] is a chronic, remitting-relapsing, inflammatory disorder that encompasses ulcerative colitis [UC] and Crohn's disease [CD] . 1, 2 Autophagy [a typical example of a genetically mediated pathway] is abnormal in IBD. [3] [4] [5] There are three major autophagy pathways (microautophagy, macroautophagy, and chaperone-mediated autophagy [CMA] ) that differ in their mode of cargo delivery to the lysosome. 6 Autophagy and endoplasmic reticulum [ER] stress are closely linked in the pathogenesis of IBD.
7-10 ER stress is caused by the accumulation of unfolded and/or misfolded proteins in the ER, arising from either primary [genetic] or secondary [environmental] factors. 11, 12 The ER stress activates the unfolded protein response [UPR] to resolve the protein folding defect and to restore cellular homeostasis. The UPR is a major inducer of autophagy to compensate the ER stress in the intestinal epithelium. 9, 13 Impaired autophagy can also promote ER stress, with its downstream consequences.
14 Both autophagy and UPR play important roles in intestinal homeostasis, particularly for host-microbiota interactions at the epithelial surface of the intestine in the context of IBD. 10, [15] [16] [17] [18] During infection, microbe-associated molecular patterns [MAMPs] are detected by a family of proteins called pattern recognition receptors [PRRs] located within host cells. PRRs involved in autophagy include the Nod-like receptors [NLRs] and Toll-like receptors [TLRs] . 19 NLRs and TLRs in macrophages as well as other innate immune cells are closely associated with autophagy, which is highly related to the mediation of innate immune response in the context of IBD. 20, 21 The bacterial microbiota in IBD has been extensively investigated, and several groups have observed bacterial dysbiosis characterised primarily by low levels of biodiversity. [22] [23] [24] Defects in autophagy affect several aspects of the intestinal innate and acquired inflammatory responses [including abnormalities in antigen presentation, cytokine production, and bacterial clearance] which may skew the commensal composition and lead to colitis-inducing dysbiosis. 25, 26 The triggering receptor expressed on myeloid cells [TREM] family of cell-surface receptors has recently emerged as a potential modulator of the inflammatory response. 27 One of the components of this family, TREM-1 is constitutively expressed on most monocytes/macrophages and neutrophils, and is upregulated by a variety of stimuli, including TLR ligands (eg. lipopolysaccharide [LPS] ), lipoteichoic acid [LTA] , and pro-inflammatory cytokines (eg. tumour necrosis factor-α [TNFα]). TREM-1's one or more natural specific ligands have not yet been identified. [28] [29] [30] Several studies have showed that TREM-1 expression is upregulated during acute inflammation or in chronic intestinal inflammatory disorders. 28, [31] [32] [33] [34] [35] [36] Although TREM-1 is generally not expressed by macrophages in the healthy intestine, it is significantly upregulated in mucosal lesions in mouse models of colitis and in patients with IBD. 34 Previous studies have shown that TLRs activation leads to upregulation of TREM-1 expression in a myeloid differentiation factor 88 [MyD88]-dependent manner. 37, 38 TREM-1 has also a synergistic effect on the production of proinflammatory mediators induced by nucleotide-binding oligomerisation domain-1 and 2 [NOD1 and NOD2] ligands. 39, 40 The potential impact of TREM-1 on autophagy activity is unknown.
The potential link between TREM-1 expression, autophagy activity, ER stress/UPR, and intestinal dysbiosis in IBD has never been investigated. In the present study, we first confirmed that TREM-1 inhibition [using the non-IBD related LR12 peptide] attenuated the severity of experimental colitis. We found that inhibition of TREM-1 restores impaired autophagy, reduces ER stress/UPR, and re-establishes homeostasis of the gut microbiota.
Materials and Methods

Animals
In vivo experiments were performed as recommended by the US National Committee on Ethics Reflection Experiment [described in the Guide for Care and Use of Laboratory Animals, National Isnstitutes of Health, MD, USA, 1985] . The experiments were performed on 25 adult male C57BL/6 mice [Janvier Labs, Le GenestSaint-Isle, France] and 10 adult male Trem-1 knock-out [TREM-1 KO] C57BL/6 mice [INSERM U1116, Inotrem Laboratory, Nancy, France], all aged between 7 and 9 weeks. The animals were housed at 22-23°C, with a 12-h/12-h light/dark cycle, and ad libitum access to food and water.
In the TREM-1 inhibition experiments with administration of LR12 peptide, three groups of C57BL/6 mice were constituted: [ 
Induction of colitis, treatment with TREM-1 inhibitory peptide, and assessment of disease activity index
Colitis was induced by administration of 3% dextran sulphate sodium [DSS, molecular weight 36 000-50 000, MP Biomedical, Strasbourg, France] dissolved in water for 5 days. DSS was replaced thereafter by normal drinking water for another 5 days.
TREM-1 inhibitory peptide or the vehicle alone, used as control, were administered intraperitoneally 2 days before colitis induction and then once daily until the last day of DSS administration [see experimental layout in Figure 1A] , at a concentration of 10 mg/kg in 200 µL of saline. This dose was chosen after having performed dose-response experiments [Supplementary Figure S1 , available at ECCO-JCC online]. The LR12 peptide corresponds to a 12-aminoacid [aa] residues-long sequence from TLT-1's extracellular domain [LQEEDTGEYGCV] , and was chemically synthesised [Pepscan Presto BV, Lelystad, The Netherlands] as a C-terminally amidated peptide.
Body weight, physical condition, stool consistency, water/food consumption, and the presence of gross and occult blood in excreta and at the anus were determined daily. The Disease Activity Index [DAI] was also calculated daily by scoring body weight loss, stool consistency, and blood in the stool on a 0 to 4 scale. 41 The overall index corresponded to the weight loss, stool consistency, and rectal bleeding scores divided by three, and thus ranged from 0 to 4.
Collection of colon tissue and faecal samples
Ten days after the initiation of colitis with DSS, the mice were sacrificed by decapitation. The colon was quickly removed, opened along its length and gently washed in PBS [2.7 mmol/L KCl, 140 mmol/L NaCl, 6.8 mmol/L Na 2 HPO 4 ·2H 2 O, 1.5 mmol/L KH 2 PO 4 , pH 7.4]. For histological assessment, samples were fixed overnight at 4°C in 4% paraformaldehyde solution and embedded in paraffin. For protein extractions, samples were frozen in liquid nitrogen [-196°C ] and stored at -80°C. For the gut microbiota analysis, whole faecal pellets were collected daily in sterile tubes and immediately frozen at -80°C until analysis.
Histological assessment and scoring
Colitis was histologically assessed on 5-µm sections stained with haematoxylin-eosin-saffron [HES] stain. The histological colitis score was calculated blindly by an expert pathologist [Dr Hélène Busby-Venner], as previously described. 42 
Endoscopic assessment and scoring
Endoscopy was performed on the last day of the study, just before the mice were sacrificed [ Figures 1A and 3A] . Before the endoscopic procedure, mice were anaesthetised by isoflurane inhalation. The distal colon [ At the time of animal sacrifice, whole blood from each mouse was collected into heparinised tubes. These tubes were centrifuged at 3000 g for 10 min at 4°C to collect the supernatants, which were stored at -80°C until use. Plasma concentration of sTREM-1 was determined by a sandwich enzyme-linked immunosorbent assay [ELISA] technique using the Quantikine kit assay [RnD Systems, Minneapolis, MN, USA] according to the manufacturers' instructions. Briefly, samples were incubated with a monoclonal antibody specific for TREM-1 pre-coated onto the wells of a microplate. Following a wash to eliminate the unbound substances, an enzymelinked polyclonal antibody specific for TREM-1 was added to the wells. After washing away the unbound conjugate, a substrate solution was added to the wells. Colour development was stopped and optical density of each well was determined within 30 min using a microplate reader [Sunrise, Tecan, Männedorf, Switzerland] set to 450 nm, with a wavelength correction set to 540 nm. All measurements were performed in duplicate and the sTREM-1 concentration was expressed in pg/ml. 
Reverse transcription-quantitative polymerase chain reaction
Microbiota analysis
For the pharmacological [with LR12 peptide treatment] inhibition of TREM-1, total DNA was extracted from three pooled faecal pellets from each group of mice [Day 0 to Day 10; n = 33 samples], in accordance with a previously validated protocol. 44 For microbiota analysis by MiSeq sequencing, the V3-V4 region [519F-785R] of the 16S rRNA gene was amplified with the primer pair S-DBact-0341-b-S-17/S-D-Bact-0785-a-A-21.
were applied: minimum length = 300 base pairs [bp] , maximum length = 600 bp, and minimum quality threshold = 20. This filtering yielded an average [range] of 25 600 reads/samples [14 553-35 490] for further analysis. High-quality reads were pooled, checked for chimeras [using uchime 46 ] , and grouped into operational taxonomic units [OTUs] [based on a 97% similarity threshold] using USEARCH 8.0. 47 Singletons and OTUs representing less than 0.02% of the total number of reads were removed, and the phylogenetic affiliation of each OTU was assessed with Ribosomal Database Project's taxonomy 48 from the phylum level to the species level. The mean [range] number of detected OTUs per sample was 324 .
In the experiments involving Trem-1 KO mice, similar methods were applied but total DNA was extracted from individual faecal pellets of each mouse from the four groups of animals at baseline 
Statistical analysis
A two-tailed Student's t test was used to compare two groups, and a one-way analysis of variance [ANOVA] was used to compare three or more groups. Bonferroni or Tamhane post hoc tests were applied, depending on the homogeneity of the variance. The threshold for statistical significance was set to p < 0.05. The statistical language R was used for data visualisation and to perform abundance-based principal component analysis [PCA] and inter-class PCA associated with Monte-Carlo rank testing on the bacterial genera.
Results
Inhibition of TREM-1 by LR12 peptide prevents colonic inflammation in experimental colitis.
Previous studies using a 17-aa residues long TREM-1 antagonistic peptide [LP17] have shown that inhibition of TREM-1 decreases inflammation in DSS-induced experimental colitis. 34, 35 Here, as TREM-1 antagonist, we used a shorter, potentially less antigenic peptide [LR12] with five aa residues deleted at the C-terminal. DSSinduced colitic mice were treated either LR12 peptide or vehicle Treatment with LR12 peptide was associated with significantly less mucosal damage, as assessed by the histological scores [p < 0.001] [ Figure 1E ], and a decrease in inflammatory infiltrate represented by 8% of PMNs, 7% of macrophages, 79% of lymphocytes, 5% of plasmocytes, and 1% of mastocytes. Notably, colonic expression levels of pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-6, which are known to be increased in this acute model of colitis, 49 Figure 1F ]. Overall, these results indicate that in vivo TREM-1 inhibition by LR12 peptide attenuates inflammation and tissue damage in acute colitis.
Inhibition of TREM-1 by LR12 peptide restores impaired autophagy activity during experimental colitis
The relationship between TREM-1 and autophagy has never been characterised. To examine whether and how inhibition of TREM-1 by LR12 peptide regulates autophagy pathways during the acute phase of experimental colitis, we analysed by western blot analysis the colonic expression of various macroautophagy and CMA proteins at Day 10 [ Figure 2A and B]. The expression of mTOR, known to be a negative regulator of autophagy, 50 Figure 2A ]. This finding suggests that TREM-1 may regulate autophagy activity during DSS-induced colitis via mTOR signalling. With regard to macroautophagy, the expression of proteins like ATG1/ULK-1 and ATG13, involved in the initiation of autophagosome formation, 51 and ATG5, ATG16L1 and MAP1LC3-I/II, involved in the membrane elongation and expansion of the forming autophagosome, 52 Figure 2A ]. Interestingly, treatment of colitic mice with LR12 peptide was able to rescue in a significant manner the expression of these proteins at basal levels [ Figure 2A; [-] animals. However, inhibition of TREM-1 by LR12 peptide was able to increase the amount of HSPA8 protein at basal levels, similar to those observed in healthy animals [ Figure 2B ]. The expression levels of HSP90AA1, another protein involved in CMA and which is in coordination with HSPA8, 55 3.3. Inhibition of TREM-1 by LR12 peptide reduces endoplasmic reticulum stress and induces unfolded protein response during experimental colitis
Another signalling pathway that has also emerged in IBD pathophysiology is the UPR, which is induced by ER stress. 11, 56 The UPR and autophagy are directly intimately intertwined and are deeply involved in IBD pathogenesis. [57] [58] [59] The relationship between the UPR, autophagy, and TREM-1 is unknown. To examine whether and how inhibition of TREM-1 by LR12 peptide regulates the ER stress and induced UPR during the acute phase of experimental colitis, we analysed by western blot analysis the colonic expression of the three ER stress sensor proteins (eg. inositol-requiring transmembrane kinase endonuclease-1α [IRE-1α], protein kinase RNA-like endoplasmic reticulum kinase [PERK] , and activating transcription factor-6α [ATF-6α]), which initiate the UPR, at Day 10 [ Figure 3A and B]. The expression of these three proteins sensors on the ER membrane Figure 3A ]. This was as assessed by densitometric quantification, which showed the activity of PERK and IRE-1α judged by p-PERK/PERK and p-IRE-1α/ IRE-1α ratios, respectively, and an increase of ATF-6α expression [ Figure 3B ]. Interestingly, treatment of colitic mice with LR12 peptide was able to statistically reduce the expression of these proteins [p-PERK, PERK, p-IRE-1α, IRE-1α, and ATF-6α] and their activity [p-PERK/PERK and p-IRE-1α/IRE-1α ratios] at basal levels (Figure 3A and B of percentage of body weight loss [ Figure 4B ; up to ~30% for WT and ~12% for TREM-1 KO of the initial body weight, p < 0.001], and DAI scores [ Figure 4C ; p < 0.001]. Endoscopic analysis of the colon of WT and TREM-1 KO mice without DSS revealed a healthy mucosa with normal vascular pattern, and no visible blood in both groups, with no significant differences [ Figure 4D , left panel]. On the contrary, upon DSS exposure, whereas WT mice showed an intricate vascular pattern, several ulcerations, and mucosal damage, the endoscopic pattern of TREM-1 KO mice was more similar to that of healthy mice [ Figure 4D , left panel]. The endoscopic scores reflected these observations; in fact, DSS-treated WT mice had a significantly increased score compared with colitic TREM-1 KO mice [p = 0.002] [ Figure 4D, Figure 4E ]. Moreover, colitic TREM-1 KO mice displayed reduced expression levels of pro-inflammatory cytokines, such as TNF-α, IL-1β, and IL-6, when compared with colitic WT mice, as demonstrated by western blot densitometric analyses [ Figure 4F ; p = 0.001 for TNF-α and p < 0.001 for IL-1β and IL-6]. Overall, these findings confirmed what was observed with the LR12 peptide treatment, thus further highlighting a key role of TREM-1 in the acute phase of colitis and the therapeutic potential of TREM-1 inhibition in IBD. Figure 5B ; p = 0.014 for HSPA8 and p = 0.04 for HSP90AA1], suggesting that not only ligands binding to TREM-1 are necessary to control CMA activation in a setting of experimental colitis, but that TREM-1 also per se is a key modulator of these processes. Figure 6A ]. This was assessed by densitometric quantification which shows the activity of PERK and IRE-1α as judged by p-PERK/PERK and p-IRE-1α/IRE-1α ratios, respectively, and an increase of ATF-6α expression [ Figure 6B ]. On the contrary, TREM-1 deletion displayed a significantly reduced expression of these proteins [p-PERK, PERK, p-IRE-1α, IRE-1α, and ATF-6α] and activity [p-PERK/PERK and p-IRE-1α/IRE-1α ratios] at basal levels [p < 0.001], when compared with colitic WT mice [ Figure 6A Figure 6A and B].
TREM-1 deletion restores impaired autophagy activity during experimental colitis
Deletion of TREM-1 in mice reduces
3.7. Inhibition of TREM-1, either pharmacologically by LR12 peptide or genetically in TREM-1 KO mice, prevents disease-related changes in intestinal microbiota during acute colitis Dysbiosis of the gut microbiota aggravates intestinal inflammation in IBD. 60 To investigate whether inhibition of TREM-1 by LR12 peptide could modulate this dysbiosis, we analysed the operational taxonomic unit [OTU] Figure 7A ]. The DSS treatment had the greatest effect on the Bacteroidetes [ Figure 7B ], and was associated with low proportions of bacteria from the Porphyromonadaceae family [unclassified species and the genus Barnesiella] and the Prevotella genus. In contrast, DSS treatment was associated with elevated proportions of bacteria from the genera Enterobacter, Bacteroides, and [to a lesser extent] Lactobacillus [ Figure 7B ]. LR12 peptide treatment was linked with relatively greater percentages of Lachnospiraceae [Clostridium XIVa and unclassified species] and more importantly, appeared to be able to counter the relative increase in the proportions of Enterobacter, Bacteroides, and Lactobacillus genera.
Similarly, in the genetically-deleted TREM-1 mouse model, gut microbial richness and diversity were less affected by DSS treatment than in WT animals [ Figure 8A ]. Although DSS treatment was associated with increased proportions of bacteria from the Escherichia/ Shigella, Parabacteroides, and Bacteroides genera in WT mice, dysbiosis of these specific bacterial taxa was again countered in TREM-1 KO mice, together with an increased in relative abundance of unclassified Lachnospiraceae and Barnesiella [ Figure 8B ].
Moreover, gut microbiota overall composition from healthy TREM-1 KO mice significantly differed when compared with healthy WT mice [Supplementary Figure S5A , available at ECCO-JCC online; Monte-Carlo p = 0.008]. More specifically, 31 genera significantly differed between WT and TREM-1 KO groups, 12 being over-represented in KO mice [Supplementary Figure S5B , available at ECCO-JCC online]. Whereas Bacteroides was significantly more abundant in healthy TREM-1 KO mice, Prevotella and Alistipes were over-represented in healthy WT mice.
Discussion
There is a growing body of evidence suggesting that TREM-1 is involved in the pathogenesis of IBD. [34] [35] [36] To the best of our knowledge, the current study is the first to have investigated the relationship between TREM-1, autophagy activity, ER stress, and intestinal microbial dysbiosis in experimental colitis. Our data confirmed that inhibition of TREM-1 by an antagonistic peptide substantially attenuates inflammatory responses and counters disease exacerbation in experimental colitis, as observed in previous studies of a 17-aa residues long TREM-1 antagonistic peptide [LP17]. 34, 35 In line with these previous studies, our results showed a decrease in inflammatory cell infiltration and IL-6 expression, suggesting that monocytes and macrophages were the main cells responsible for the reduced signs of inflammation in the colon of TREM-1 inhibited mice. 34, 35 Indeed, monocytes and macrophages represent the most important sources of IL-6 at inflammatory sites. 61 Unlike previous reports we used a shorter, potentially less antigenic peptide [LR12] with five aa that were deleted at the C-terminal. TREM-1 belongs to the immunoglobulin superfamily and is part of a gene cluster encoding several TREMs and TREM-like molecules that share structural elements but have a low degree of amino acid homology. 62 For example, the TREM gene cluster also includes TREM-like transcript-1 [TLT-1]. The latter is abundant but is specific for the platelet and megakaryocyte lineage. Crystallographic studies have revealed structural similarities between TLT-1 and TREM-1, which suggests that the two proteins interact. 63 ability to bind to the TREM-1 ligand. 64 The same study also demonstrated that LR12 peptide modulates the inflammatory cascade triggered by infection in vivo, and thus inhibits hyper-responsiveness, organ damage, and death during experimental sepsis in mice. 64 However, blocking TREM-1 signalling by daily administration of TREM-1 antagonistic peptide in chronic disease models may fail to allow for the possibility that the as yet unidentified TREM-1 ligand may signal through alternative receptors. Several potential ligands of TREM-1 have been investigated in various diseases, 65 but to our best knowledge there is no specific ligand of this receptor. To avoid this drawback and to confirm our results for LR12 peptide treatment, we performed the same experiments in Trem-1 KO mice. Similar results were observed in the two different mouse models─thus emphasising the LR12 peptide's therapeutic potential in IBD.
Autophagy plays a role compensatory to the UPR to reduce ER stress induced in the pathogenesis of IBD. 10, 17, 18 Defects in autophagy [due to autophagy gene mutations and/or microbial antagonism] may trigger the pathogenesis of IBD, impair the antibacterial response, and thus weaken the host's ability to control bacterial infection and chronic inflammation. 3, 66, 67 In line with these data, our results show that macroautophagy and CMA are strongly impaired in experimental colitis. The observed increase in the expression of mTOR [a protein known to downregulate autophagy] in this setting suggests that the impairment in autophagy may be due to defective initiation. We noted a decrease in the expression levels of: These results strongly support our initial hypothesis. Our results indicate that inhibition of TREM-1, either pharmacologically by LR12 peptide or genetically with TREM-1 KO mice, can promote the activity of both macroautophagy and CMA in experimental colitis. The lower mTOR expression level in LR12-treated and Trem-1 KO colitic mice suggests that TREM-1 inhibition may enhance the onset of autophagy by promoting mTOR downregulation. Indeed, we observed increases in the expression of proteins involved in both macroautophagy [ATG13, ATG1/ULK-1, ATG16L1, ATG5, and MAP1LC3-I/II] and CMA [HSPA8 and HSP90AA1]. As previously observed for other PRRs [NLRs and TLRs], 68 our results demonstrate that TREM-1 is involved in autophagy. TREM-1 expression and activity are closely linked with the activities of both TLRs and NLRs. It has been shown that TLR activation leads to upregulation of TREM-1 expression in a MyD88-dependent manner. 37, 38 Following LPS stimulation of neutrophils, TREM-1 was found to be recruited to macrophage-lipid rafts and co-localised with TLR4. 69 Simultaneous activation of TREM-1 and TLR4 leads to synergistic production of pro-inflammatory mediators. 70 On the other hand, very little is known concerning TREM-1 and NLRs interactions. Previous studies reported that TREM-1 has a synergistic effect on the production of pro-inflammatory mediators induced by NOD1 and NOD2 ligands. 39, 40 Mechanistically, TREM-1 activation can lead to enhanced NOD2 expression, NF-kB activation, and cytokine production such as IL-1β and IL-6. 39 These literature data showed that TREM-1 is strongly linked to other PRRs involved in autophagy, thus strongly supporting our findings.
Evidence of unresolved ER stress and an activated UPR in intestinal epithelial cells [IECs] has been reported in both forms of IBD [UC and CD]. 7, 71 Our present results show that the UPR is strongly increased in DSS-induced experimental colitis. The observed increase in the activities of PERK and IRE-1α and in the expression level of ATF-6α [the three canonical sensors of ER stress] in this setting suggests that the ER stress occurs in colitic mice.
It is well known that the UPR in response to ER stress is a major inducer of autophagy. 9, 13 On the contrary, our data indicate that both macroautophagy and CMA are impaired in these colitic mice. However, not only ER stress may induce autophagy, but vice versa, impaired autophagy can also promote ER stress. 14 14 The increased UPR observed in colitic mice is probably the consequence of colitis-induced ER stress but may also be caused by the impaired autophagy in these mice.
The effect of TREM-1 inhibition on the ER stress has never been investigated. Our results indicate that inhibition of TREM-1, either pharmacologically by LR12 peptide or genetically in TREM-1 KO mice, can decrease the activities of PERK and IRE-1α and also the expression level of ATF-6α, suggesting that TREM-1 inhibition may reduce the ER stress in DSS-induced experimental colitis. Interestingly, our results show that the impaired activity of both macroautophagy and CMA was restored in LR12-treated and TREM-1 KO colitic mice. In agreement with our hypothesis, impaired autophagy promotes the ER stress [with its downstream consequences], but the restoration of the autophagy activity by TREM-1 inhibition compensates the UPR, to reduce ER stress in colitic mice. These observations provide strong support with regard to the previous studies, which described that the autophagy plays an important compensatory role in the context of ER stress, and also that both autophagy and the UPR are deeply involved in innate immune mechanisms to maintain mucosal homeostasis. Collectively, these findings appear particularly relevant for host-microbiota interactions at the epithelial surface of the intestine during the pathogenesis of IBD. 10, [15] [16] [17] [18] Previous studies have shown that the presence of a functional autophagy pathway in the intestinal epithelium is essential for counteracting intestinal dysbiosis and bacterial infection. This is because autophagy controls the secretion of antimicrobial proteins and limits their dissemination. 25, 72 The healthy gastrointestinal microbiome is dominated by the phyla Firmicutes and Bacteroidetes and, to a lesser degree, by the phyla Proteobacteria and Actinobacteria. 73 Bacterial biodiversity is low in both CD and UC, each featuring distinct microbial perturbations and sites of tissue damage. 24 Bacterial dysbiosis is characterised by low biodiversity, abnormally low numbers of certain Firmicutes, and abnormally high numbers of mucosa-adherent Proteobacteria. [22] [23] [24] It is well known that different commensal bacteria induce distinct types of colitis in IL-10-KO mice. 60 60, 74 Hence changes in the composition of the gut microbiota can cause distinct intestinal immune responses─even in a host with a uniform genetic background. This suggests that dysbiosis can modulate the immune response in the gut. Here, we confirmed that DSS-induced experimental colitis is associated with low bacterial diversity and a shift towards a higher proportion of Enterobacter. Our data also indicate that inhibition of TREM-1, either pharmacologically by LR12 peptide or genetically in TREM-1 KO mice, might prevent the intestinal microbiota changes associated with experimental colitis, both by maintaining bacterial richness and by limiting the number of Enterobacter to levels observed in non-colitic mice. This outcome may result from the enhanced autophagy activity derived from the inhibition of TREM-1 in colitic mice.
Clearly, future research must focus on the link between colitis protection and changes in the microbiota, and on the characterisation of the mechanisms that lead to increased autophagy activity upon TREM-1 inhibition.
In summary, we first confirmed that the administration of LR12 peptide [known to modulate the TREM-1 pathway] exerts a strong protective effect against DSS-induced colitis in the mouse.
Furthermore, we bring evidence that blocking TREM-1 upon the induction of experimental colitis compensates for the defect in autophagy activity and may prevent dysbiosis of the intestinal microbiota. These results collectively suggest that TREM-1 plays a key role in the control of autophagy activity in the acute phase of colitis, with a consequent effect on dysbiosis. These results further argue for a role for TREM-1 in IBD pathogenesis. Altogether, these findings reinforce the idea that TREM-1 may constitute a drug target of choice in the treatment of chronic inflammatory diseases and autophagy disorders. We are confident that this promising strategy will be evaluated in patients with IBD in due course.
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